Abstract: Environmental issues are viewed as a serious problem with a complex network structure involving various stakeholders.
Introduction
It is necessary for countries to systematically identify the nature of environmental issues and effectively cope with them to defend the interests of the state and secure sustainable development. The causal relationships of modern environmental issues are difficult to determine because of their complexity, circulation, and the interactions of pollutants [1] [2] [3] [4] . Moreover, damage to ecosystems that stems from environmental pollution has far-reaching consequences that go well beyond short-term damage. This trend implies that solutions to environmental issues must be devised through an understanding of the various factors and their three-dimensional interrelationship rather than a plain two-dimensional relationship. As part of the efforts to understand and solve environmental problems,
Theoretical Review
China has been receiving attention as a source of global environmental issues since the 2000s. China established environmental policies at a national level relatively earlier in comparison to its level of economic development, while its application and enforcement have been extremely passive, even though its 11th Five-Year Plans (FYPs) emphasized a transition into developmental strategies focused on "resource-saving and environment-friendly social construction". Though China has established a relatively advanced legal system related to environmental protection, it has focused more on quantitative growth goals, such as economic growth and industrial development [29, 30] . In particular, the local governments-the actual promoters of environmental policies-showed considerable disparity in the strategic orientation between quantitative growth and environmental protection, depending on the level of economic development in the region, the industrial structure, the level and targets of urbanization, the type and degree of environmental pollution, and willingness and capacity of environmental improvement [31] . Thus, the environmental protection policies of some large cities were only partially implemented, leading to environmental pollution problems throughout China.
Water pollution is one of the most serious environmental issues in China. According to the data of the Ministry of Environmental Protection of the People's Republic of China in 2016, two-thirds of the groundwater and one-half of the surface water are severely polluted. Moreover, China is the country with the most serious shortage of water resources. Its total amount of freshwater resources ranks 6th in the world, while the freshwater resources per capita rank 100th to 117th with approximately 2000 m 3 , which is only half of the global average. Although 70% of 1.3 billion people in China drink groundwater, the problem is that the majority of the groundwater is contaminated [31, 32] . Therefore, since 2015, China's State Council implemented the Water Pollution Prevention and Control Action Plan to increase the number of urban sewage treatment facilities, strengthen the crackdown on the unauthorized discharge of wastewater, and purify the rivers. Through this plan, China aims to raise the water quality of 70% or higher of the basins of the seven rivers, including the Yangtze River and Yellow River, to an excellent level by 2020 [33] .
In the case of air pollution, which is highly correlated with energy use, China, the world's greatest energy consumer, topped the US in 2011 to become the world's largest greenhouse gas emitter. Among the resources, its sulfur dioxide and nitrogen oxide emissions are the highest in the world owing to the country's heavy dependence on coal for energy, which inflicts severe damage on the neighboring countries [34] . According to the Chinese authorities' data concerning air pollution in major regions at the end of 2017, which had been released by the East Asia office of Greenpeace (an international environmental organization), 256 cities (70.1%) out of the 365 major cities had not met the government air pollution standard. Moreover, the PM 2.5 values in 128 cities were twice higher than the standard. The direct economic loss caused by such air pollution is estimated as at least RMB 23 billion [35] . Therefore, the Chinese government has pursued policies for improving air quality by selecting the key management areas by region. The Beijing-Tianjin-Hebei (BTH) region, including 13 cities, such as Beijing, Tianjin, and Hebei, have been selected as priority control targets for air pollution to reduce the PM 2.5 concentration by 25% compared to that of 2012. Besides the BTH region, the Yangtze River Delta and the Pearl River Delta, where large major cities, such as Shanghai and Guangzhou, are central, respectively, have high concentrations of air pollutant emissions. Thus, the Chinese government is pursuing a more strict air pollution control policy in those regions in comparison to other regions by selecting these two regions along with the BTH region as the three priority control regions for air pollution, with the aim of reducing the PM 2.5 concentration by 20% and 15%, respectively, until 2017.
One of the crucial points to note in the policy process of such a radical environmental improvement is that China's environmental issues are handled under the government lead rather than cooperation among the central and local governments and private (enterprise and environmental groups) sectors. China is a representative country executing strong policy enforcement under the auspices of authoritarian environmentalism. China has focused its authority on a small number of government enforcement agencies based on its competent bureaucratic organizations, to adopt a state-led approach limiting public participation in the policy enforcement process [36] . Obviously, since the Paris Agreement, the formulation and enforcement of environmental policies have departed from a project-based approach and have been conducted comprehensively. In other words, China has implemented short-and long-term policies that integrate various areas, such as industrial restructuring on the macro-level approach, energy sources conversion, and development of the IT and service industry. However, the Chinese central government has achieved effective enforcement through top-down governance and centralization, which does not decentralize the decision-making power of local governments and civil society in the environmental policy enforcement process [37] .
Recently, China has been promoting the bottom-up governance of environmental policies as its decentralized system. For example, in the area of air pollution, inclusive governance with stronger involvement of media, NGOs, and the public is underway [34] . However, bounded rationality as well as cognitive limitations, which include a lack of environmental information in central government-local governments, local government-local governments, and national-social relations [38] , and shortage of available time, have been obstacles to genuine environmental governance [32] . Although, in the policy process for improving the environment, rapid policy enforcement is possible without strong institutionalized stakeholders [39] , the political context of a particular department, such as the trend that economic growth is more important than environmental issues, has determined the environmental policy costs and benefit distribution due to the power inequality within the Chinese government [40] . Furthermore, the frequent shifts of personnel of the local governments who promote environmental policies have also had a negative impact on establishing stable environmental policies and environmental governance [30] .
Nevertheless, China demonstrates its commitment to sustainable development through the solution of its environmental governance. Environmental governance is a management system in which market organizations (business) and civil society deviate from the former government-led system and participate and cooperate in the process of setting goals for solving environmental issues, seeking and determining policy alternatives, and implementing and evaluating these alternatives. China's environmental issues have developed into severe problems, and environmental governance as resolution strategies involving various subjects from a long-term perspective has become indispensable.
Among the various types of environmental governance, cooperative management is emphasized as a new governance mechanism. According to the ideas of Delmas and Young [41] , who analyzed environmental governance by creating a system diagram (see Figure 1) focusing on the relationships of members of society, including the public sector, the private sector, and civil society, in terms of cooperative management, cooperation, including public volunteer programs (e.g., public-private partnerships); joint resource management (e.g., public-social partnerships); third initiatives (e.g., private-social partnerships); and eco-labels (e.g., public-private-social partnerships), is more effective in solving environmental problems than the self-activities of each sector (e.g., intergovernmental organizations, self-regulation programs, and global international society). Of course, the power of the three sectors balanced by governance is the ideal structure of the environmental governance system. However, it is undeniable that certain imbalances in power and roles of each sector occur depending on the characteristics of countries. Particularly, advanced countries and developing countries reveal a stark contrast of power and roles in terms of promoting environmental policies. It is fundamental to study the role of actors in each sector and to clarify the organic network relationship. Nevertheless, China demonstrates its commitment to sustainable development through the solution of its environmental governance. Environmental governance is a management system in which market organizations (business) and civil society deviate from the former government-led system and participate and cooperate in the process of setting goals for solving environmental issues, seeking and determining policy alternatives, and implementing and evaluating these alternatives. China's environmental issues have developed into severe problems, and environmental governance as resolution strategies involving various subjects from a long-term perspective has become indispensable.
Among the various types of environmental governance, cooperative management is emphasized as a new governance mechanism. According to the ideas of Delmas and Young [41] , who analyzed environmental governance by creating a system diagram (see Figure 1) focusing on the relationships of members of society, including the public sector, the private sector, and civil society, in terms of cooperative management, cooperation, including public volunteer programs (e.g., public-private partnerships); joint resource management (e.g., public-social partnerships); third initiatives (e.g., private-social partnerships); and eco-labels (e.g., public-private-social partnerships), is more effective in solving environmental problems than the self-activities of each sector (e.g., intergovernmental organizations, self-regulation programs, and global international society). Of course, the power of the three sectors balanced by governance is the ideal structure of the environmental governance system. However, it is undeniable that certain imbalances in power and roles of each sector occur depending on the characteristics of countries. Particularly, advanced countries and developing countries reveal a stark contrast of power and roles in terms of promoting environmental policies. It is fundamental to study the role of actors in each sector and to clarify the organic network relationship. Recent studies on China's environmental protection policies have been actively implemented inside and outside of the entirety of China, but most of them have stagnated in the exploratory stage. Domestic studies undertake rare empirical studies, emphasize problem identification in environmental regulations, and emphasize the introduction of measures for policies and legislation improvements at the normative level. Getting into the specifics of major studies, relatively, there have been many studies focusing on regulations in China because of its lack of systematic legislation related to the environment until recently. In the spectrum of environmental policies, there are studies on the evolvement and features of environmental policies in China [42] , changes in environmental policies since the foundation of the country [43] , and the direction of change in environmental policies Recent studies on China's environmental protection policies have been actively implemented inside and outside of the entirety of China, but most of them have stagnated in the exploratory stage. Domestic studies undertake rare empirical studies, emphasize problem identification in environmental regulations, and emphasize the introduction of measures for policies and legislation improvements at the normative level. Getting into the specifics of major studies, relatively, there have been many studies focusing on regulations in China because of its lack of systematic legislation related to the environment until recently. In the spectrum of environmental policies, there are studies on the evolvement and features of environmental policies in China [42] , changes in environmental policies since the foundation of the country [43] , and the direction of change in environmental policies [44] . Meanwhile, studies suggesting the need for private sector participation have been introduced to overcome the limitation of environmental regulations. Although a considerable number of studies of environmental issues in China have accumulated, they rarely provide comprehension obtained from overall and contextual analysis of the environmental policy decision-making system and implementation and are limited to partial or disconnected phases.
In contrast, studies outside China have focused on the relationship between the political context and environmental policy actors. The representatives are the study of the characteristics of environmental policy promotion of Chinese politics by approaching environmental issues from the political perspective [27, 45] , as well as the study of environment-related legal systems and policies [46] . Studies in recent years have started reflecting the trend of approaching environmental issues from the perspective of environmental governance, which explores private participation areas of China's environmental issues. The studies on analyzing the evolution of environmental NGOs in China by using the political process model [47] ; exploring the applicability of the global standard to China by analyzing the relationship between China's domestic environment governance and global governance [17, 48] ; and conducting structural analysis and observing the relationship among China's policymaking system, executive system, and actors [18, 26, 45] are exemplary.
Consequent to the application of the trends of previous studies on China's environmental policies, these policies have garnered growing attention both at home and abroad, and its studies have been accumulated. However, most of the studies limit their focus to partial perspectives, which hinders them from reaching a holistic perspective, such as that of an environmental policy network. Its various actors related to environmental issues that require careful observation when a strong centralized state, such as China, emphasizes policies and role orders to achieve short-term and long-term performance, mainly in a top-down manner. It is because policymakers emphasize the coexistence of actors or the building of networks focusing on symbiosis in the process of a governance approach to solve wicked problems, including environmental issues, which poses the question as to how to define the scope of actors and participants. China also underlines a governance approach to environmental issues and encourages the participation of various members. It is considered to be a change at the national level to promote advanced policy formation and implementation that highlights social consensus on a long-term basis instead of hankering for short-term tangible results produced by the existing top-down policy implementation. Therefore, we present the following study questions: RQ1: Which actors are most central in the development of China's environmental policy?
Following the investigation of cooperative mechanisms for the actors' mutual network, it is crucial to examine the sequential temporal changes of network structures among the actors in the environmental governance mechanism for solving environmental issues. Environmental governance is the application of environmental issues to governance principles and realization methods, including participation, partnership, democracy, openness, and mutual cooperation, appearing in various forms of networks, depending on the scope and involvement level of stakeholders, partner relationships, interaction intensity, and the linkage level between actors [4, 16] . The structures and properties of networks enable us to understand the interactions among various actors and keywords of major policies involving actors in environmental governance [19] . Regarding our promotion of environmental policies, the time sequential changes of network structures and properties explain the policy stream from the past to the present as to how policies have been implemented and provide important indicators for future direction. Therefore, tracing the development of actors involved in environmental issues, as well as network structure and property changes of policy keywords, is an important task from the perspective of predicting the future based on past and present environmental policies. Therefore, we can derive the following study problems: In this study, to identify these three problems, theoretical discussions on major actor groups related to environmental issues are preemptively reviewed.
Central Government
The central government, representing the bureaucracy, plays a key role in the environmental policymaking and implementation process with its expertise backed by organizational, information, and technical powers [49] . Since environmental affairs involve individual ministries, organic cooperation between environmental regulatory agencies and relevant ministries is essential to enforce environmental regulations. In many cases, however, relevant ministries actually remain obstacles to solving environmental issues and promoting policies, tendencies of which appear relatively stronger in economic ministries; that is, economic ministries play a powerful role in the containment of environmental regulatory policies backed by their relatively high level of status and great power within the government when compared with those of environmental ministries. Works related to environmental policies including regulations and environmental protection are often scattered across ministries because of the diffuseness of environmental issues; hence, conflicts may arise in the process of authority adjustment to efficiently promote environmental policies. Additionally, differences in role perception or policy orientation between economic ministries and environmental regulatory agencies also cause conflicts, and environmental regulatory agencies and economic ministries are different from each other in representing customers or beneficiary groups. Therefore, those institutions have an antagonistic relationship with each other because of their distinctively different political support groups. The implementation of particular environmental policies is likely to be abandoned or delayed for a long time when conflicts and confrontations occur because of disagreements between relevant government agencies or situations in which environmental policies confront other policies arise.
Local Government
Local governments have a considerable impact on environmental policies because environmental issues often capture more heightened attention at the regional level than they do at the national level. Against the backdrop of a time when many state powers claim to be forces for decentralization and localization, the local government's willingness and responsibility for conservation, as well as local development that reflects the interests of the residents, have also been strengthened simultaneously. However, even if local governments are based on the autonomy of local residents, they cannot completely cut off the relationship with the state power. That is, it is challenging for local governments to refuse growth and avoid development under circumstances that the central government adopts policies for a high level of economic growth and vigorously pursues development policies, such as creating an industrial complex on a large scale [50] . It is because the abandonment of growth and development accelerates the downturn in the local economy and deepens regional disparities [51] .
What cannot be overlooked are local governments vulnerable to corporate lobbying, which can be regarded as the main cause of environmental pollution. Under the local autonomy system, local governments have a priority interest in regional development projects. To this end, local governments attempt to attract several businesses to promote the employment of local residents and their funding to carry out road network expansion and public development projects [52] . Therefore, without the considerable interest of the residents in the environment, it is conceivable for local governments to lower the pollution standard or to relax the provision of obligation to install pollution prevention facilities for inducing industries.
In China's case, the problems of power imbalance appeared in the relations between the central and local governments and between different local governments, resulting in adverse effects on the actual achievement of the environmental policies [34, 37] . First, the central and local governments have implemented environmental policies as a demonstration, which is similar to socialist propaganda or agitation methods. Since the team composition and dates of the central government's surveillance and inspections are disclosed to the press in advance, it is possible that the local governments deceive or incompletely disclose its data to the central government according to its personnel size and the date in the preparation process. Furthermore, the central government environmental inspection agencies crack down on the province-level local government for about 10 days, when it is practically impossible to control both environmental regulations and policies in terms of area versus time. Therefore, the supervision of environmental issues in the provinces is inevitably limited because only pre-planned and deliberate materials are reviewed and enforced. As another example, in 2017, Hebei Province converted 2.5 million household heating fuels from coal to natural gas to achieve the central environmental improvement goal. However, the natural gas supply shortage caused the residents to suffer the great inconvenience. The local government conducted policy enforcement just for show in the process of its excessive reaction to the central government's demand.
In the local-to-local government relations, different environmental regulation criteria reflecting regional characteristics have emerged as a problem [29] . To maximize profits, polluting enterprises have been trying to avoid high pollution reduction costs by moving to the western area, which has a less stringent obligation for environmental protection. Thus, the site selection of those enterprises simply serves to redistribute pollution inside China, which hardly helped to improve the overall environment [53] . In particular, local government officials pay attention to the problems of the jurisdiction rather than the environmental issues throughout China, so that enforcement of environmental policies becomes meaningless. For example, Datong city in Shanxi Province moved its polluting plants to a nearby county, which resulted in increasing tax revenue for that county and improving the city's environmental indicators. However, from a macro-level perspective, the effects can hardly be considered to have achieved an environmental improvement in a strict sense [31] .
There is also a gap between environmental policy enforcement in urban and rural areas. Although the budgets and personnel of the Ministry of Ecology and Environment are reasonably prepared for the regions on the province, city, and county level, those for the regions below the county level, such as villages and hamlets, are significantly insufficient, which limits the proper enforcement and regulation of environmental policies [37, 54] . Therefore, the participation and support of society and enterprises are essential in the base course because it is insufficient to enforce policies based on government capacity alone. However, the regions on the villages and hamlet level, especially agricultural villages, lack institutionalized incentives and governance to encourage society and enterprises to participate in environmental protection. Despite these practical limitations, local governments are important actors in the enforcement and supervision of environmental policies. Especially, local governments in China are the only official organizations that can play a central role in integrating the central government, markets (enterprises), and society (NGOs).
Private Enterprise
In the past, private enterprises were mainly recognized as targets that were subject to important policy implementation groups of environmental policies, as well as variables affecting the policies through various lobbying activities and mobilizing industrial organizations. Private enterprises actively seek to intervene in government policies to mitigate or delay the implementation of government environmental policies, including, in particular, regulatory policies [55, 56] . This is because private enterprises may face additional costs in the process of solving environmental issues, as well as cumbersome report, approval, and audit procedures, which can act as an impediment to private activities. Conversely, one thing to note here is that not all enterprises necessarily oppose government environmental policies because, in some cases, enterprises find the regulations rather advantageous, and environmental issues lead to technology promotion. If environmental regulations are recognized as having the potential to produce a favorable effect on enterprises, enterprises will not strongly oppose the environmental regulations but will rather regard it as a stimulus to modify the overall corporate strategies [57] . From those perspectives, enterprises will enjoy less conflict with environmental regulatory support groups and positive effects in building eco-friendly and prosocial reputations.
Environmental Organizations
Among the components of civil society, environmental organizations that exercise the most significant influence on environmental issues mobilize the public with low awareness of the need for environmental protection as groups to support the reinforcement of environmental regulations [58] [59] [60] . Those actions apply pressure on the political system to actively solve environmental issues and perform its role as an entrepreneur of environmental regulations to repress corporate groups, the opponents of environmental policies, simultaneously. Environmental organizations also engage in political activities that expose the severity of environmental issues redirected through specific regions or events offering alternatives that are essential for the environmental policymaking process. They also develop various activities, including exerting pressure to establish and enforce policies that strengthen environmental regulations with collateralized political support; accuse enterprises of being involved in direct activities aimed at inducers or contributors of environmental pollution or conduct boycotts of those enterprises' products; and educate or promote the prevention of pollution-inducing activities at home. Those organizations consist of the ones presenting scientific arguments and demonstrating their superiority in the technical aspects, while others focus on advocacy and publicity in the exercise of strategies and methods.
The media, the public, and individuals can be considered as other subjects related to environmental policies. However, the role of the media as a mediator, the public as a beneficiary of environmental policies, and individual voices as the voice of individual opinion have more limited influence than that had by the four major actors mentioned above. Certainly, they are all organically linked and have direct and indirect impacts on environmental policies through mutual influence and interaction. This implies that environmental policy actors in environmental governance are capable of exercising their influence on policies in various ways through the separation and integration process at any time. Therefore, this study examines the analysis of environmental policies in China to observe the actors and their roles in environmental governance revealed through previous studies. This study also performs structural analysis of major actors leading the policies and associated policy keywords through the collection of big data from China's environmental policy related texts, data mining and network analysis, and core-periphery analysis.
Data and Methodology
Issues are related to topics that attract the attention of many people in a society, including diverse perspectives, actors, and complex networks. The actors' positions on issues cause sharp confrontations and conflicts, and the extended and complicated process of resolutions involve greater social cost. Therefore, it is necessary to investigate and identify the content, options, and the actors' positions on issues and alternatives through accurate analysis of the issues. In the course of this process, the major activities of the actors as well as the main contents of the issues and alternatives are documented in the literature, such as reports, papers, press articles, white papers, or text materials, including questionnaires and interviews [61] . It is possible to build a network of actors in cooperation and conflict relations, or a keyword network of issues with these documents. Among these materials, the language network is established based on the language text that expresses various issues and agendas and actors' interest in alternatives. This network enables multiple interpretations according to the semantic relationships between subject matter keywords or emotional keywords, such as opinions, attitudes, feelings, and tone, selected from the collection of the language texts describing specific positions on major issues and alternatives [62] .
This study collects text data on main issues and alternatives that necessarily arise during China's environmental policy establishment, enforcement, public relations process, and conducts network analysis. This is because an analysis of the influence factors or alternatives of issues in various language texts goes beyond simple frequency analysis of keywords and enables network analysis to investigate the relationships between keywords. This methodology is appropriate to identify what influence factors play an important role in the level of environmental governance, which inevitably occurs in China's environmental policy enforcement process.
Data
This study analyzes major actors and policy keywords that lead governance networks and policies in China's environmental policies. Textual data on China's "environmental policy" as a keyword was collected through algorithms using Python. The data was collected over the period from 2001 to 2018, when discussion on environmental policy began in earnest in Chinese society. It was divided into four periods and set as analysis units in accordance with China's Five-Year Plans (FYPs), which are representative of macroeconomic-social development policy in China 
Text Mining
This study used text mining that is based on the big data collected to derive the actors and policy keywords that affect Chinese environmental policies. First, unnecessary words, such as verbs, adjectives, and adverbs, were removed from the collected documents, and then, data were refined based on the simultaneous appearance of the words. In the process, this study used the library package of R Studio for morphological analysis. The document is divided into tokens, small semantic units, such as words and phrases [63] , and the tag dictionary is used to separate the words that can be analyzed. This technique processes the collected unstructured data into a form of analyzable structured data (see Appendix A). After the data cleaning process, 13,039 words (452 words for the 10th FYP; 1827 words for the 11th FYP; 5,823 words for the 12th FYP; and 4937 words for the 13th FYP) were derived. The study measured the centrality based on those words and identified major actors and policy keywords.
Network Analysis and Continuous Core-Periphery Analysis
Semantic network analysis is a research technique that treats a word as a node in a network and determines whether there is a co-occurrence between certain words [64] [65] [66] . Convergence of iterated correlations (CONCOR) analysis, a representative methodology of semantic network analysis, primarily analyzes the correlation metrics of words derived from text mining and presents information about the network type, density, hub node, and cluster group. CONCOR analysis is useful for grouping factors/issues with similar positions and describing the relationships between the groups (see Appendix A). In this study, the correlation metrics for the top 30 words were created based on the appearance frequency and the centrality value, and the network analysis was performed based on these metrics. The next step places major actors and policy keywords about environmental policies differentiated into two groups, core and periphery, by applying the continuous core-periphery analysis. Among various methodologies for grouping big data to identify patterns and to analyze meanings, this is one of the simplest and most effective models [67, 68] . This model is ideal for the investigation of the leading groups of policies among major actors and keywords (see Appendix A). The process provides opportunities to observe the kinds of core-periphery actors and policy keywords that have decentralized China's environmental policies and to intuitively investigate the major actors and policy keywords leading the policies.
Empirical Analysis Results

The Result of Text Mining
This study collected text big data on China's environmental policy and further classified and found meaningful policy promoting actors and policy keywords in these data. Based on the coreness score of the words, actors and policy keywords on the top 10 of each period were derived, and the results are presented in Table 1 . First, in terms of changes in China's environmental policy actors by period, an unusual result appeared that the words, publishing company and author, were highly centralized during the 10th FYP. This can be attributed to the fact that various publishing companies in the early stages of environmental policy implementation initiated social issues through publication and promotion issues related to environmental issues in China. The result indicates that environment-related government sectors have also emerged as major actors and that environmental issues and policies have been highlighted more at the working level of local government and environmental administration than at the central government's environmental policy. The 11th Five-Year Plan was when the international community paid full attention to China's environmental policies in earnest, and the central government led those policies in this period. The significance lies in the fact that the functions of private enterprise and society have become more important than they were in the 10th FYP and that they have emerged as a major actor in leading environmental policies with the government. It implies that attempts to lead environmental policies have been made in the governance network structure led by the central government. During the 12th Five-Year Plan, the functions of the private sector, particularly environment-related enterprises, in environmental policy were emphasized. The government and public institutions certainly remained important actors, and the characteristic of the period is that government and society cooperated with the private-led environmental policy network. Moreover, the market function has been incorporated into the environmental policies as a new actor, which denotes that the market's self-regulating functions are, or should be, operating in environmental issues. Last, the 13th FYP showed that various sectors of the government regained their positions as environmental actors that are passionately leading environmental policies. This is a good example of the fact that China's socialist traits still appear strong in environmental policies although it has been promoting its own socialist market economy system. Even though various subjects form networks and claim to support environmental governance, the related government sector still seems to be highly centralized.
The change process of the 10 policy keywords during the same period provides an opportunity to closely investigate how China's environmental policy has evolved. In the period of the 10th FYP, the environmental policies were promoted through a tax imposition policy. In particular, the term "trade" implies that China's environmental policies and pollution are not totally irrelevant to the activities of growth-driven trade expansion that is backed by the manufacturing industry. In terms of environmental policy promotion during the 11th FYP and the 12th FYP, the word "economy" was still pointed out as an important word, which suggested that growth was considered to be more essential than environmental protection. Conversely, various environment-related standards were laid out legally and systematically during the periods, and it signifies the attempts to achieve development by being simultaneously conscious of both economic and environmental aspects. Keywords that emerged during the period of the 13th FYP, including a network for the ecological environment, accountability, and eco-friendliness, demonstrate the efforts to establish environmental governance, as well as evidence that various entities participate in the promotion of environmental policy. However, the judgment made by actors' centrality ranking involves China remaining a government-oriented top-down policy country and that its genuine environmental governance has been underway and is still in its early stages.
The Result of Network Analysis
After text mining, this study conducted network analysis on the top 30 words based on the frequency and centrality in each period. This process enabled us to grasp the network type and cluster structure between words. Table 2 shows the result of CONCOR analysis. First, the results show that there are eight clusters in the 10th FYP, six clusters in the 11th FYP, seven clusters in the 12th FYP, and six clusters in the 13th FYP. The average degree refers to the average value of the sum of the in-degree and out-degree of the nodes as well as serving as a measure for determining the connectivity between certain words. The average degree in the period of the 13th FYP was 7.733, which means that no strong expression of environmental policy issues was socially made. However, since the period of the 11th FYP, it has been 22.2, 28.067 for the 12th FYP, and 27.867 for the 13th FYP, indicating that various issues related to the environmental policy have been actively discussed. The average clustering coefficient is a measure of the degree to which nodes in a network are grouped together. The clustering coefficient has also increased to 7.567 in the 11th FYP, 24.363 in the 12th FYP, and 22.968 in the 13th FYP. This is despite the low coefficient, 2.117, in the 10th FYP. It can be interpreted that the cohesion of the nodes has been strengthened. In particular, the highest values of the average degree and the average clustering coefficient during the 12th FYP stemmed from the fact that the role of China's responsibility about global environmental issues has been emphasized and various environmental policy discussions have been held in China. Focusing on the hub node, the major node of China's environmental policy promotion during the 10th FYP is the role of media, environmental projects, and the environmental industry, which is directly targeted by environmental policies.
The 11th FYP exhibits the emergence of early forms of environmental governance, where the government, central government, society, and the enterprises devote themselves to promoting environmental policies together, and the reformation of the environmental law to establish the institutional framework. During the 12th FYP, the resource allocation and the legal and institutional regulations of the central government were the important nodes in environmental policies because of the influence of the economic and industrial restructuring policy of China's government. Environmental technology has been continuously emphasized between the 12th and the 13th FYPs. In the period of the 13th FYP, efforts went into securing the administrative department pursuing environmental policies, as well as providing procedural justification of the environmental policy with a legal basis. In terms of keywords occupying important positions in clustering, it is worth noting the chemical engineering industry and the tax policy during the 10th FYP. This meant that environmental policies focused on chemical field-related regulations and mainly tax-regulated policies during the same period. It shows that efforts were made to develop policy alternatives for environmental protection at the local government level during the 11th FYP. The US, which refers to China's accountability for global environmental issues, was found to be an important node within clustering during the 12th FYP. Finally, during the 13th FYP, environmental policies have been carried out at the national level, which indicates that the implementation is relevant to the efficient allocation of resources through China's economic and industrial restructuring. In particular, it can be inferred that the accessibility of related information has been facilitated and that the environment-related projects are underway (see Appendix B, Figures A1-A4 ).
The Result of Continuous Core-Periphery Analysis
The matrix dataset for the top 10 actors and policy keywords was constructed for each period after refining the words based on the text big data collected with the keyword, "environmental policy". Next, the coreness scores of the datasets were measured, and the results are shown in Tables 3 and 4 . First, the result of environmental policy actors demonstrates that the role of media was relatively emphasized in the periods of the 10th and 11th FYPs and that the roles of the government agencies and environmental departments were important in the periods of the 12th and 13th FYPs. In particular, the investigation of the changes in the roles of society and enterprise from the perspective of promoting environmental governance policies reveals that the rank of society's role gradually rises from seventh to fourth along with the period change. The role of private enterprises occupied a relatively high position, ranked third and fourth and 4th, in the periods of the 11th and 12th FYPs, respectively, while in the period of the 13th FYP, the role of private enterprise decreased because of the relatively strengthened role of the government.
By examining the changes in policy keywords shown in Table 4 , it is notable that the role of resource allocation was emphasized more than anything else during the period of the 10th and 11th FYPs. The results also suggest that the main environmental policy targets for each period have evolved as follows: The regulation-oriented taxation policy during the 10th FYP; the policy for environmental technology development during the 11th FYP; the establishment and standardization of laws and standards during the 12th FYP; and the environmental policy emphasizing environmental friendliness and accountability during the 13th FYP.
Next, when performing multi-dimensional scaling (MDS), a two-dimensional analysis uses the matrix generated by multiplying each node's coreness score; the node at the center of the network is placed at the center of the graph, while the nodes in the network's periphery are placed outside the center. This allows us to observe not only which nodes are the center or periphery nodes but also whether the center nodes as a series are near the center's boundary or near the periphery from the continuum. Figures 2 and 3 demonstrate the MDS analysis results for the top 10 actors and policy keywords for each period.
of laws and standards during the 12th FYP; and the environmental policy emphasizing environmental friendliness and accountability during the 13th FYP.
Next, when performing multi-dimensional scaling (MDS), a two-dimensional analysis uses the matrix generated by multiplying each node's coreness score; the node at the center of the network is placed at the center of the graph, while the nodes in the network's periphery are placed outside the center. This allows us to observe not only which nodes are the center or periphery nodes but also whether the center nodes as a series are near the center's boundary or near the periphery from the continuum. Figures 2 and 3 First, if we examine the actors leading the policy and playing a major role in China's environmental policy in Figure 2 , two actors, the publishing company and author, are located at the center of the period for the 10th FYP, and three actors, department of environmental protection, enterprise, and media, are at the center. In particular, the governance type, where governments, enterprises, and media simultaneously influence policies, is at the center of environmental policies for the period of the 11th FYP. On the other hand, the periods of the 12th and 13th FYPs show the bureau of environmental protection as the major actor, suggesting that the environmental policy being pursued is centered on the central government again. In terms of environmental governance, this reflects the fact that the authority wielded by the private sectors and environmental NGOs is still insignificant when compared with the power of the central government or that they remain passive about raising social issues. Another contributor is that various participants in China's environmental policy are not completely free from government and agencies in financial matters [18] .
Next, according to the result of the core-periphery analysis of major policy keywords related to environmental policies in each period, resource allocation is located at the center during the periods of the 10th and 11th FYPs, which implies that it is the main keyword of environmental policy promotion of the time. These are the periods when China regarded rapid economic growth as a more important task than environmental protection and strived to improve economic growth efficiency through apposite resource allocation. Thus, China indirectly promoted environmental protection First, if we examine the actors leading the policy and playing a major role in China's environmental policy in Figure 2 , two actors, the publishing company and author, are located at the center of the period for the 10th FYP, and three actors, department of environmental protection, enterprise, and media, are at the center. In particular, the governance type, where governments, enterprises, and media simultaneously influence policies, is at the center of environmental policies for the period of the 11th FYP. On the other hand, the periods of the 12th and 13th FYPs show the bureau of environmental protection as the major actor, suggesting that the environmental policy being pursued is centered on the central government again. In terms of environmental governance, this reflects the fact that the authority wielded by the private sectors and environmental NGOs is still insignificant when compared with the power of the central government or that they remain passive about raising social issues. Another contributor is that various participants in China's environmental policy are not completely free from government and agencies in financial matters [18] .
Next, according to the result of the core-periphery analysis of major policy keywords related to environmental policies in each period, resource allocation is located at the center during the periods of the 10th and 11th FYPs, which implies that it is the main keyword of environmental policy promotion of the time. These are the periods when China regarded rapid economic growth as a more important task than environmental protection and strived to improve economic growth efficiency through apposite resource allocation. Thus, China indirectly promoted environmental protection policies by way of imposing taxes and supporting environmental technologies. In the period of the 12th FYP, the standard appears to be the word at the core of the environmental policy promotion. The result indicates that the international community emphasized China's responsibility for environmental protection during the same period; hence, the establishment and coordination of environmental standards in China has become a major policy promotion task. During the 13th FYP, economic and environmental legislation and industry restructuring were at the center, leading environmental issues.
This was the time when China began to concentrate on qualitative growth, namely, harmonious and rational growth, rather than quantitative growth, by adjusting its rapid economic growth goals. In terms of environmental policy, it can be interpreted that China strives to solve problems by establishing stable environment-related systems and restructuring the environmental pollution-creating industry as a fundamental solution for environmental issues at the same time. In terms of environmental governance, however, upon observing the actors pursuing environmental policies with industrial restructuring taking place under the lead of the government rather than economic logic, it is reasonable to assume that the government might wield its influence over policies, markets, and industry at any time in the future. Since China is a country with strong policy implementation capability, it can exercise strict monitoring and regulation over environmental issues through centralized policy implementation. However, since environmental issues require various stakeholders, social influences, and long-term commitments, it is significant to solve the issues through governance and in a gradual way in which various entities rather than an individual cooperate.
Discussion
This study analyzed major actors, their roles, and policy keywords for China's environmental policies for each period. In the phase when governance-based problem-solving was considered to be an effective way of promoting environmental policies due to the peculiarities of environmental issues, discussions were held to examine the effectiveness of environmental policies in terms of environmental governance, the types of future policies to be promoted in China, a centralized system of government, and powerful policy implementation at the center of global environmental issues. To this end, this study constructed metrics for the words of centrality criteria through the process of refining text big data collected in Chinese environmental policy as the main word. The analysis was conducted to examine the major actors and policy keywords in China's environmental policies through a network and core-periphery analyses of the actors and policy keywords for the same metrics. The conclusions drawn are as follows:
The text mining demonstrating the changes in the top 10 actors and policy keywords by the centrality standard indicates that the government still has a strong impact on environmental policies in China. There are at least four government-related actors out of the 10 (e.g., central/local government, environmental administrator, administrative department, the state council, department of environmental protection, and bureau of environmental protection) derived from all periods, and they have been shown to have strong centrality in general. There were certainly the words social, public, enterprise, and institution in the aspects of environmental governance, while these very words failed to be at the center of MDS analysis for the actors. This result shows that environmental governance and network are still at an early stage and that the Chinese government's strong power lies in its environmental policy.
Environmental governance emphasizes building cooperative governance with various members outside of the bureaucracy because bureaucratic groups with strong control, such as government or administrative agencies, have limited control over environmental issues through internal coordination and control. Therefore, any actors participating in governance should not be excluded from their unfamiliarity with the ways in which the administration and bureaucrats promote policies. It is also about the government's capability to adequately understand which groups or organizations have related resources and solutions to various environmental issues.
China's environmental policy nominally expresses cooperative policy promotion based on the involvement and communication of many related stakeholders under governance principles.
However, this study's results revealed that the groups of important actors and leaders guiding China's environmental policies were "led by the government". China's actual policy implementation of environmental issues work toward government-led solutions rather than governance solutions just as China has achieved rapid economic growth through the government-led economic development model. From a short-term perspective, government-led environmental policies appear to be certainly effective; on the other hand, performance from a long-term perspective requires governance-based policy promotion that solves problems in cooperation with various entities based on strong networks related to environmental issues.
In order for China to solve environmental problems and achieve long-term sustainable development, a hot topic of global environmental problems, governance relations, and cooperation among the following environmental policy actors are needed.
First, it is necessary to clarify the boundary of responsibility and authority in the relationship between the central government and local government. In terms of environmental governance, it is necessary to separate policymaking and implementation functions conducted by central government agencies because environmental policy tends to focus on results rather than administrative procedures. Alternative possibilities for the separations are that the central government agencies take charge of the responsibility of policy decision-making to concentrate on long-term policy planning and coordination and that policy execution functions are hived off into external executive agencies. Such a phenomenon has implications for the reorientation of policy establishment and implementation in China, where the central government agencies include policy decision-making and implementation functions.
For example, there have been cases in which the SO2 control equipment required by many local businesses had to be shut down because its power consumption for operation conflicts with the policy on climate change emphasized by the central government. To overcome these side effects, it is necessary for the central government to establish macro-level regulatory targets that concurrently adopt environmental, energy, and economic growth, and for the local governments to implement detailed strategies and policy enforcement to achieve these goals. Particularly in this process, a governance attitude is required to secure monitoring function through corporate autonomy and citizen participation [54] and for the whole society to make an effort for the improvement of the environment.
However, communication and cooperation for environmental policies are needed between local governments. For example, Dongjiang Lake in Hunan Province is divided between and managed by four local governments. Their different management systems for unpolluted areas (tourism resources) and polluted areas (coal mining) were primary reasons hindering water pollution resolution [33] . Thus, it is more efficient for a complete ecosystem, such as lakes, rivers, or wetlands, to be managed by the leader of one local government organization rather than by different ministries and local governments. In this process, the attitude to promote cooperation and communication would be required between local governments and driving strategies for environmental governance through cooperation would be effective.
Second, it is crucial for the relationship between government and private enterprises to adopt positive attitudes toward corporate governance to coordinate interests with each other gradually. Under the system where the government has taken a leading role in establishing a policy reflecting environmental solutions and the system to realize it efficiently and effectively in society, the intermediate organizations existing between the government and enterprises tend to act in government service according to the preference of the government sector rather than the members of the enterprise sector. However, it is important for enterprises to establish a partnership with the government to solve environmental issues in the manner of environmental governance. This is because the enterprises can act as practical participants in solving environmental issues and their prompt and independent activities can address environmental issues more positively to solve them. In this process, the government should assume the role of establishing standards of macro-environmental policies, such as environmental standardization, a legal framework for environmental issues, and not shirking responsibility for solving environmental issues faced by enterprises. Moreover, the government has a responsibility to support SMEs with relatively poor human and material resources and to perform study and development investment as the government actively enterprise solidarity in areas where their increased cooperation is needed in preparation for new forms of market structure.
For example, although it is desirable to impose a high carbon tax to effectively operate the Emission Trading Scheme, this scheme produces virtually little effect on environmental improvement due to the strong rebound of enterprises in China [69] . In the long-term perspective, however, enterprises need to actively cooperate or act as leading policy partners to improve their social images and generate profits. Governments and enterprises need to address issues related to the relocation of polluting enterprises through flexible governance. For example, carbon emissions from Beijing and Tianjin increased by 33%, from 60 to 80 million tons, and by 46%, from 56 to 82 million tons, between 1997 and 2015. Conversely, the surrounding area, Shandong province, recorded 1.05 billion tons in 2015, surging by 300% from 260 million tons in 1997. It was the result of the relocation of enterprises in the economic and administrative districts with superiority to the outside or the surrounding areas. Thus, the promotion of environmental governance requires the reduction of some government functions; however, the creation of a new government functions simultaneously. This demonstrates the need for a rational decision-making mechanism between the government and enterprise and the significance of establishing a harmonious network relationship.
Third, the relationship between the government and environmental organizations shall become a communication network that fulfills mutual support and positive monitoring. The government can make ultimate contributions to environmental conservation by seeking rules and conditions for reestablishing the role and status of environmental organizations to induce cooperative behavior among social components.
In particular, the government should precede institutional and financial support for environmental organizations to play a role in policy diffusion and healthy criticism. The government should shift away from the previous approach of having controlled and suppressed environmental organizations because of its assumption regarding them as being obstacles for its growth policy and make overtures in the direction of recognizing environmental organizations as an object of cooperation for solving environmental issues. In other words, it is crucial to forming a mechanism that enables environmental organizations to complement the weakness of the government, as environmental issues become a critical task to be solved by the country. Furthermore, achieving environmental governance through a network of the government and environmental organizations results in the formation and diffusion of environmental ethics. Therefore, problems related to environmental issues, such as Nimbyism, collectivism, and individual egoism, can be solved to a considerable extent. It is because environmental organizations backed by self-awareness and the voluntary participation of citizens rather than government agencies can play a leading role in problem-solving. Thus, approximately 1000 environmental organizations in China should participate in the policy-making process through a network with government decision-makers and experts, and lead to establishing links and ties with civil society. By doing so, the organizations need to derive a shift in the negative perception of government environmental groups and adhere to the role of building bridges between citizens and the government.
Finally, it requires the public's concern for the environment and positive willingness to solve issues, as well as an organic cooperation network of the aforementioned environmental policy actors. Perception changes in solving environmental issues are important as public sympathy and concern for the environment have become the premise for sustainable development that goes beyond the leading issues of some organizations and institutions and those recognized by many individuals. In this process, citizens should have direct access to important policymaking processes, stakeholder groups, and information, and they should be able to monitor policy decision-making processes by utilizing the acquired knowledge [70] . In this sense, the free flow of information should be built on the foundation of transparency. Moreover, institutional mechanisms and processes must converge into a fair legal system, and the implementation of law must be fair. This means that the rule of law and responsiveness to the law must be complete. Leaders who lead the country along with the public should also have a constant concern for environmental issues and policies, as well as responsibilities for the resolutions. Leaders need a strategic vision to share a long-term perspective on fine society, good governance, and the factors required for that development. In this process, the authority should secure its legitimacy under clear legal and institutional grounds, and specific decisions should be legitimate through accepted standards, processes, and procedures. This should lead to the proliferation of consciousness that resources should be used and managed so that generations can ultimately optimize the well-being of the people without sacrificing the future of the people.
Heightened awareness of environmental issues by Chinese citizens has led to environmental issues and urged governments to implement more environment-friendly policies [54, 71] . Although this social issue does not cause a fundamental change in government policies or challenge the government, the heightened awareness can lead to a positive change to enhance future generations' interest in environmental policies. In particular, citizens should provide the government with help to secure its accountability and to decide policy priority orders through various SNS platforms, participate in hearings for environmental impact assessments, and serve as surveillants for environmental policy enforcement of local governments through media.
Conclusions
This study verified the actors and keywords related to China's environmental policies through text mining and network analysis. In particular, this study analyzed actors and keywords leading changes in the policies by each period of China's five-year plan, and further examined what the major actors and keywords are among them. The results of this study are as follows. First, the government, particularly the central government, has a strong centrality as a major driving force of China's environmental policies. This result indicates that China's environmental governance has been socially publicized while governance has stagnated at an early stage. Second, China's environmental policy has shifted its phases from the initial regulatory focus to the improvement of environmental criteria and regulations. This shift is an indispensable factor for ensuring the effectiveness of environmental governance, which indicates that China is in the transition period to establish a system that meets its development situation. Third, the central government's resolve exerts a strong impact on China's core leading environmental policies. Furthermore, the power and factors for sustainable economic growth and environmental policies are linked and reflected in the regulations.
This study has the following limitations despite the meaningful results obtained from sequential temporal analysis on environmental policy actors and policy keywords in China. First, actors and policy keywords were derived by selecting one country's environmental policy as the main word despite the diversity of environmental policy areas. This means that it is not possible to accommodate all the variations of the results caused by detailed policies concerning matters, including water, soil, atmosphere, waste resources, related interest groups, and network structure, are different. In the future, a careful analysis by selecting detailed policy keywords as the subject word is in order. In the process of discussing environmental issues through the policy case, we focused on the air pollution and water pollution areas emphasized in China at present. Given the comprehensive nature of environmental issues, there is a need to expand to sections on waste management, soil contamination, and climate change, and will be covered in future studies. Second, it is the limit of data collection. The text data used in this study were collected from the main portal websites in China. However, this limitation could not be completely ruled out because of the political system characteristics that China exerts its leadership under a strong socialist system and because internationally and socially sensitive issues are tacitly controlled by media. Therefore, the study could not exclude the possibility that the text big data collected were post-censored data. Third, the analysis results and policy suggestions of this study may not be generalizable. This is because China's political and economic characteristics are reflected, and the recognition of environmental issues depends on the economic level and the political system of the country. Such problems are required to be complemented and studies conducted according to the characteristics of each country in the future.
Author Contributions: D.Z. and F.F. conducted the investigation, collected the data, performed the analysis and original draft preparation. S.D.P. led the research activities, developed the research framework, and conducted the review and editing of the article.
Funding: This research received no external funding.
Conflicts of Interest:
The authors declare no conflict of interest.
Appendix A
In general, centrality refers to the degree to which a particular node is centered within a network. Depending on the attributes of the relationship, centrality can be interpreted in various ways (e.g., degree, closeness, and betweenness) [72] . In the present study, the degree of centrality is measured by quantifying the degree to which a node is centered and by how much it is related to the other nodes. In this case, centrality is expressed as follows: x ij is the number of connections that node i has with the other nodes, g is the number of nodes, and x ij denotes whether there is a connection between the node i and the other nodes. Moreover, g − 1 : x ij = 1 when a connection exists; otherwise, x ij = 0.
Next, the equation for constructing the correlation matrix used in this analysis is expressed as follows [67] : 
where r ij , R, g, and x ..r represent the correlation coefficient between factors i and j, the number of relationship types, the number of nodes, and the relationship strength in relation type r, respectively. The core-periphery structure refers to a network structure that is composed of two actor layers. First, there is the highly dense core actor layer, and then, there is the peripheral actor layer, which is loosely coupled to the core layer and not well connected within itself [68] [69] [70] [71] [72] [73] . This method is an evolutionary model that has overcome the limitations of a discrete core-periphery model for simplifying the ideal block structure by dichotomically allocating nodes to either the core node or the periphery nodes [68] . The continuous core-periphery analysis model explores the core-periphery structure, which is based on the degree of proximity of the nodes to the network core. The degree of proximity of the nodes to the core is called the coreness score, which measures the score maximizing the fit between the actual data matrix and the ideal core-periphery matrix, and ideal core-periphery structures are explored based on the results [74] :
Here, the ∆ is an ideal core-periphery matrix; c is a coreness score vector; and cT is a row vector transposed by vector c. The (i, j) cell value of the matrix, ∆, is calculated by multiplying ci, the coreness score of node i; and cj, the coreness score of node j. In addition, the coreness score vector, c, is determined for the ideal core-periphery matrix, ∆, to be as close as possible to the actual data matrix. Such proximity, fitness in other words, is generally measured using correlation coefficients. Core blocks and periphery blocks are determined on the basis of a correlation coefficient of the calculated coreness score and the ideal coreness score, and the correlation coefficient is repeatedly calculated while varying the central block size from 1 to (n-1). The (n-1) correlation coefficients calculated by such a method can be used as a measure showing how close the network data is to the core-periphery structure, and the block segment showing the largest value qualify is selected as the optimal core-periphery structure [67] . 
